ABSTRACT
INTRODUCTION
A small number of women experience a major depressive episode during the first three months postpartum; most of these episodes have onset following delivery. A recent review found 7.1% of women experience major depression; including minor depressive episodes, the 3-month period prevalence rate in this review was 19.2% [1] . In a Japanese study, the prevalence of major depression was 4.3% and the prevalence of mental disorder including minor depressive episode was 10.6% within three months postpartum [2] . Furthermore, many of those who are not diagnosed with depression complain of mild mood disorder or feelings of anxiety. Even postpartum mothers who experienced normal pregnancy and delivery, have a risk of worsening psychological wellbeing, although prevalence of postpartum Post-Traumatic Stress Disorder (PTSD) is higher among women after pregnancy complications such as preeclampsia [3] .
A previous study suggested that mothers' feelings of loneliness related to positive scores (nine points and above) on the Edinburgh Postnatal Depression Scale (EPDS) at three months postpartum [4] . Therefore, it is important to prevent social isolation and mental disorder, and improve mental health among postpartum mothers. In Japan, 69.2% of child-rearing families have a nuclear family structure and 72.5% of mothers of infants do not work [5] , so many mothers spend most of their time at home after childbirth to care for their babies. Therefore, they tend to be socially isolated and are susceptible to mental health problems. There is also a need to provide opportunities for mothers to be together.
Meanwhile, physical exercise is believed to improve mild depression, anxiety, and feelings of discomfort. Previous studies have shown that physical exercise intervention could help improve the mood and well-being of patients with depressive disorder [6] . It is therefore expected that the provision of an exercise program as part of postpartum care can help reduce mental health problems. Most studies related to the benefits of postpartum exercise on mental health have targeted womedn with higher EPDS scores and have shown the effect of exercise in reducing depressive symptoms in this population [7] [8] [9] [10] .
A few recent studies have focused on the psychological well-being of healthy postpartum women. Norman et al. conducted an eight-week mother and baby program, including specialized exercise combined with parenting education (n = 62), compared with a control group (n = 73). They found that mothers in the intervention group improved their level of well-being (Positive Affect Balance Scale) and reduced their depressive symptoms (EPDS score) more than those in the control group [11] . Cramp et al. examined the effect of a moderate aerobic exercise session (two 45-min exercise sessions) on feeling states when women (n = 23) exercised with their baby present compared to without their baby present. The findings suggested that there were no differences in the Exercise-induced Feeling Inventory when women exercised with or without their babies. However, participants reported pre-to post-exercise improvements in feeling states and the State Anxiety Scale of the StateTrait Anxiety Inventory (STAI) [12] .
There are a few studies showing that exercise substantially improves Quality of Life (QOL) in healthy populations such as pregnant women, postmenopausal women and elderly women. Montoya Arizabaleta et al. demonstrated that pregnant women (n = 64) in a 3-month supervised exercise program of primary aerobic exercise had improved their health-related QOL more than the control group [13] . Martin et al. showed that higher dose of exercise was associated with larger improvements in mental and physical aspects of QOL among 430 sedentary postmenopausal women [14] . Devereux et al. showed that a water-based exercise and self-management program produced significant beneficial changes in QOL among women 65 years and over (n = 50) [15] . However, little is known about the impact of exercise programs on health-related QOL during the postpartum period.
In this study, we designed a feasible aerobic exercise program which is expected to prevent isolation for postpartum mothers at three months after childbirth, and assessed its effect on health-related QOL and self-esteem using a randomized controlled trial (RCT).
METHODS

Participants
Recruitment started in December 2006 and was completed in August 2007. Participants were recruited from three sources; the University of Tokyo Hospital and two public health centers located in the same district. Women living in the Tokyo area in Japan, signed up for this study until one month postpartum. Women voluntarily applied for participation in the exercise class. Eligible women were more than 20 years of age without any medical complications who expected to give birth between January and July 2007. Women with restricted physical activity or suffering from psychiatric disorders were excluded from the study.
Study Protocol
We used a randomized controlled trial design to test the psychological outcome of exercise class in postpartum women. Two researchers not involved in the allocation process carried out the permutated block randomization (MM and EO). The ratio of randomization between the exercise and control group was 1:1 allocation using random block size of 4.
Blinding of participants and the exercise instructors was not possible as participants were allocated to the exercise group or control group. All outcomes were assessed without blinding to the intervention. Data entry personnel were blinded to random assignment and the data was analyzed by a non-blinded assessor.
Of the 120 women at study entry, 110 women were eligible and agreed to participate in the study. They were allocated into the intervention group or control group using random numbers. However, nine women refused to participate at two months postpartum, and thus a total of 101 women were enrolled in the study (intervention group; n = 50, control group; n = 51).
At two months postpartum, researchers checked the health history, general health status, blood pressure and pulse rate to confirm eligibility for participation in the study. Age, height, pre-pregnancy weight, medical history, reproductive history and family history were recorded from maternal and child health records. The women completed a self-administered questionnaire that included demographic information such as schooling history, work status, regular exercise, smoking and drinking habits. The outcome measures were assessed at two months postpartum (baseline) and at four months postpartum (outcome). Of the 101 women who completed the baseline questionnaire, 95 finished the study. Of the 50 participants of the intervention group, four women did not attend the exercise classes, but of these three women still completed the outcome questionnaire. Figure 1 is a flow diagram of participants in the trial. The participants in the control group were offered the program after the outcome measurement.
The protocol was approved by the institutional review board of the University of Tokyo. All women provided written informed consent. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Postpartum Exercise Intervention
Women in the intervention group participated in an exercise program that provided exercise classes four times weekly for four weeks, 90 minutes each, at three months postpartum. In each class, approximately 10 women participated and two expert exercise instructors familiar with postpartum exercise ensured the validity of the exercise program. The exercise class included the following: 1) greeting and warm-up, (15 minutes); 2) aerobic exercise (50 -60 minutes) where the participant sits and bounces on an exercise ball (Gymnic, Italy) measuring 55 cm or 65 cm in diameter; 3) rest, self-introduction or partner-up communication (5 minutes); and 4) muscular stretching and cool down (15 -20 minutes).
The participants were able to attend the class either with or without their babies. If they attended the class with their babies, babies were laid down in the center of the circle formed by the participants, and the mothers were able to hold their babies, change their diaper or breast-fed the babies at any time. The exercise instructors regulated in a flexible manner the time allocated to the aerobic exercise and the stretching and cool down component varied in length according to abilities of the participants. During the exercise, each participant had a chance to communicate with other participants.
Main Outcome Measures
The following three scales were evaluated.  MOS Short-Form 36-Item Health Survey version 2 (SF-36v2): The SF-36 is a multi-purpose, comprehensive health survey with only 36 items for healthrelated QOL measures. The original version was developed in the United States, and it has been translated in more than 50 countries, and the reliability and validity of the Japanese version have been studied [16] . We used the standard (four-week) recall versions. Total score ranges from a minimum of 0 to a maximum of 100, with higher scores indicating better health status. [18] . A Japanese version of the self-esteem scale has been developed [19] : it consists of 10 items, with a total score ranging from a low of 10 to a high of 50. Higher scores indicate a "higher state of self-esteem".  EPDS Japanese version: the Japanese version has been examined and validated externally. The EPDS is a 10-item scale and an internationally used screening scale for postpartum depression [20] . The scale has been translated and validated for use in Japan. The validation study on the Japanese version of the EPDS demonstrated a sensitivity of 0.75 and a specificity of 0.93 at an optimum cut-off score of 9 and above [21] , which was used in the present study.
Sample Size Estimation
The total sample size of 106 women was estimated for an expected effect size of 0.55 and power of 0.8 at an alpha of 0.05 [22] . This would be sufficient to detect a five point difference between groups in the PCS score of SF-36v2 on completion of the intervention, assuming a SD of 9.1 [16] . Taking into consideration possible dropouts, we recruited 120 women for the study.
Statistical Analysis
Descriptive statistics including means and standard deviations for quantitative variables and proportions for categorical variables were calculated for all baseline variables. The equivalence of control and intervention group was tested at baseline using unpaired t-test, chisquare test or Fisher's exact test. For each participant who completed the follow-up assessments, the changes in each outcome were calculated (i.e. post-score minus pre-score). We used one-way analysis of covariance (ANCOVA) to compare the groups with outcome data at four months postpartum in both the eight subscales and summary scores of SF-36v2, RSES and EPDS controlling for baseline values. The analyses were conducted on an intention-to-treat (ITT) basis for the outcome variables of the entire sample. We also conducted seconary analysis of 44 women who actually attended d the classes twice or more and 47 women who completed the post-test evaluation in the control group. All p values were 2-sided and p < 0.05 was considered statistically significant. The SPSS version 16.0 statistical software package (SPSS Japan Inc.) was used for statistical analyses.
RESULTS
OPEN ACCESS
Demographic Data
There were no significant differences between the two groups in terms of age and other demographic parameters. The two groups were well balanced with respect to socio-demographic characteristics ( Table 1) . Their babies were also in good health.
Class Attendance Rate
Finally, 48 women were followed through four months postpartum among 50 participants who were allocated to intervention group. Subsequently, the data for 48 women were analyzed. However, actual attendance at the class was 44 women and the attendance rate was 88.0%.
Comparison of SF-36v2 Scores of the Two Groups
No baseline differences in SF-36v2 scores were apparent between intervention and control groups. At four months after childbirth, there was no significant difference in the PCS of SF-36v2 score between the two groups. ANCOVA analyses identified the exercise group improved significantly more than the control group in two of the eight subscales within the SF-36v2 score: the Physical Functioning (PF) domain (p = 0.018) and the Vitality (VT) domain (p = 0.016). The MCS summary score and other subscales showed no significant difference due to the exercise intervention ( Table 2) .
Comparison of EPDS Scores of the Two Groups
At baseline, no significant differences were seen in the rate of women scoring ≥ 9 on the EPDS score. The mean of EPDS score was higher in the control group than in the intervention group at baseline (p = 0.028). The mean of EPDS scores were reduced in both of intervention group and control group, but there were no differences between the two groups at outcome measurements (Table 2). Although we re-analyzed our data excluding women with high EPDS scores of 13.0 and above at baseline, there was no change in the results of outcome measurements.
Secondary Analysis
We conducted additional analysis of 44 women who actually attended the classes twice or more and 47 women who completed the post-test evaluation in the control group. ANCOVA analyses identified that the 44 women in the exercise intervention group showed ignificantly greater improvements than the 47 women in s Bodily pain (BP) 44.7 ± 10.8 43.0 ± 9.8 44.6 ± 9.9 46.1 ± 10.2 1.057 0.307 −0.04 ± 11.7 3.1 ± 11.7 −3.2 (−7.9, 1.6)
General health (GH) 56.0 ± 10.1 53.0 ± 8.6 54.5 ± 11.1 52.9 ± 9.5 0.286 0.594 1.2 ± 7.5 −0.1 ± 5.5 −1.1 (−3.9, 1.6) Vitality (VT) 45.2 ± 9.7 44.9 ± 9.1 49.8 ± 9.8 45.9 ± 9.3 6.036 0.016 4.6 ± 8.7 1.0 ± 7. the control group for two of the eight subscales within the SF-36v2: the Physical Functioning (PF) domain (p = 0.022); and the Vitality (VT) domain (p = 0.008). MCS summary score and other subscales showed no significant differences due to exercise intervention. A significant increase in self-esteem level (RSES) was seen in the 44 women in the exercise intervention group compared to controls (p = 0.037). No discrepancy was identified between these results and the ITT analysis of outcome measurements.
DISCUSSION
This study demonstrated the effect of an exercise program on health-related QOL and self-esteem in women at three months postpartum. PF score and VT score of SF36v2 that is, health-related QOL increased due to exercise in the postpartum period, rather than as a result of natural recovery and this may explain the effects of the intervention. The increase of these subscales might reflect that participating women were doing well after childbirth. We found that postpartum exercise might increase the physiological aspect of health-related QOL. Although the mean of PCS summary score increased 6.5 points after the exercise program in the intervention group, on the other hand, a naturally steeper recovery was found in the control group at the same time. Therefore, the mean between group differences was only 1.3 points.
SF-36v2 standard values for Japanese women in their 30s are as follows: PCS: 51.3 (7.8), 47.6 -52.7; MCS: 47.9 (10.4), 39.7 -56.6; mean (SD), 25 th -75 th percentile. Mean values of PCS for our participants were below the 25 th percentile of the coeval general population. Postpartum women seem likely to be experiencing some degree of physical discomfort. For this reason, improving the subscales [physical functioning, role-physical, bodily pain, vitality, general health, social functioning] comprising PCS score among postpartum women is significant. Meanwhile, MCS scores for our participants were at almost the same level as the coeval general population.
The mean of EPDS scores reduced in both intervenetion and control groups, and there were no differences between the two groups due to less change in healthy subjects in our study. The exercise program in this study involved aerobic exercise and it was expected that it would have an effect on reducing postpartum depressive symptoms. However, almost all participants in our study were women without high EPDS scores and significant differences were not found. As another reason for nonsignificant differences, the baseline EPDS score was higher in the control group than in the intervention group, even though we conducted a random allocation. Therefore, control group scores had a potentially steeper decline over time compared to the intervention group.
The target population for our study was healthy women during the postpartum period, since we are interested in developing programs for the primary prevention of postpartum depression. Our findings were thus limited to healthy postpartum women. The present intervention did not improve EPDS scores compared to the control group. Speculation on possible effects of programs like this as a treatment for women with depression is beyond the scope of the study.
In future investigation, dose-response trials will need to examine changes in QOL in postpartum women, and the exact type and intensity of exercise that is most appropriate for mothers remain to be determined. A previous RCT that examined the effect of exercise in improveing QOL among sedentary postmenopausal women demonstrated that higher doses of exercise were associated with larger improvements in mental and physical aspects of QOL [14] . Both the intensity and duration of exercise may influence improvements in QOL. As such, it seems desirable to conduct thorough and extensive studies on the effects of physical exercise on postpartum women, although it is difficult for mothers in the child-rearing period to follow an exercise program.
In our study, postpartum exercise resulted in a tendency to increase self-esteem. Self-esteem was the link explaining the relationship between depression and body image, with lower esteem associated with negative body attitude [23] . Many new mothers are confronted with a gap between the actual appearance of their body after childbirth and their expected postpartum weight and body changes. A previous study suggested that mothers' body satisfaction worsened from 1 to 9 months post-partum, and that body dissatisfaction was associated with worse mental health [24] . Another intervention study demonstrated that pregnant adolescents who participated in an aerobic exercise program showed a significant decrease in depressive symptoms over time and an increase in total self-esteem [25] . Thus, it is important to encourage mothers to enhance postpartum self-esteem.
Daley et al. [26] tested the feasibility of an exercise intervention program for women with postpartum depression in a pilot RCT and found comparatively similar results to ours. The intervention group showed a significantly higher self-efficacy for exercise compared to usual care, but the program did not improve depression scores. Assessment of the results suggested that it was difficult to increase exercise participation over the 12 week period due to women's motivation. Especially, in the case of mothers with depressive symptoms, the acceptability of the intervention was important in addition to the effecttiveness of the program. Any intervention designed to include high risk mothers with depression may have a real chance to reduce depressive symptoms.
The attendance rate in this exercise program was comparatively high and remained at almost 90% despite many constraints against leaving home in the first six months after childbirth. The program was formulated so that mothers were easily able to attend classes with their babies, and run on a short term basis. The accessibility and acceptability of the services may have contributed to the high attendance rate.
There are several methodological issues that should be considered in interpreting these findings. First, although we tried to enroll a sufficient number of participants, the number was insufficient for power analysis, though the size of our sample was larger than similar previous trials. Second, most participants had normal BMI and were urban dwellers. Therefore, we do not know whether the results could be applied to other populations of postpartum women. Regardless of these limitations, our trial demonstrated that the exercise program used in this study allowed participation at a high rate and was well tolerated by postpartum women, resulting in increased psychological well-being such as health-related QOL and self-esteem.
